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This paper is intended as a supplement to one on the
same subjects that was published in this Review,
55: 155-169, April, 1927. It is based principally on
replies to a circular letter dated December 1, 1927,
addressed to 30 heads of observatories or meteorological
services, and requesting corrections and additions to the
lists of pyrheliometric stations and the pyrheliometric
data published in the earlier paper.

The replies received have resulted in the addition of 11
stations to the list of those measuring and publishing the
total radiation (direct+ diffuse) received on a horizontal
surface, and of 4 stations that include in this measure-
ment direct solar radiation only.

Forty stations have been added to the list of those
measuring and publishing the intensity of direct solar
radiation at normal incidence, but of these eight are
stations in Union of Socialist Soviet Republics whose
publications are not available to me.

A considerable number of stations previously listed
have published additional data or summaries. These
include all with station numbers less than 18 in Tables
1 and 2, and less than 100 in Tables 6, 7, and 8.

CORRECTIONS AND ADDITIONS TO PREVIOUSLY PUBLISHED
DATA

The following corrections should be made in the data
published in the REview above cited:

Table 1: Toronto, period, blank; should be August, 1911-Septem-
ber, 1916.
Table 6:
Batavia, altitude should be 15 meters.
Innsbruck, longitude should be 11° 24" E.
La Quiaca, latitude should be 20° 06’ S; longitude should be
65° 36’ W; altitude should be 3,462 meters.
Mount Czarnohora, Worchta should be Worochta.
Pangerango, latitude should be 6° 45’ S; longitude should be
106° 58" L.
Paris, latitude should be 48° 48’ N.
Sonnblick, longitude should be 12° 57’ E.
Ursanova should be Ursynov.
Zakopane, Austria, should be Poland.
Table 8:
Jungfraujoch, Stein, M. Edward, should be Stenz, Edward.
Paris, Bureau Central Meteorologique de France, 1907-1914,
should be 1907-1924.
Mémoires, 1907-1914, should be 1907-1924.
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TasLE 1.—Slations which obtain records of the total radiation received
on a hortzontal surface from the sun and sky

Station %“‘]‘éle I‘t“’&g‘: ‘:ulrtlle Period Instruments
° 7 ° Meters
(1) Lincolin, (40 50 N} Y6 41 W 3s1 | July, 1915~Decem- | Callendar.
Nebr. ber, 1929.
(2) Madison, |4305N| 8 23 W 308 | April, 1911-Decem- Do.
Wis. ber, 1929.
(3) Chicago, I1l {41 47N | 87 35 W 210 | September, 1923- | Weather Bureau
) December, 1929, thermoelectric.
(5) Washington, {38 56 N| 77 05 W 137 | November, 1914~ [ Callendar.
D.C. October, 1022.
126 | November, 1922- | Weather Bureau
- December, 1929. | thermoelectric.

(6) New York, [40 46 N| 73 58 W 48 | April, 1924~-Decem- Do.
N.Y.(Cen- ber, 1929.
tral Park
Obsemva-
tory.)

(11) Davos Platz, | 46 43 N 940 E | 1,600 | January, 1922-De- | Davos  pyrhelio-
lSw(il:zer- cember, 1927, graph.
and.

(14) Stockholm, {59 21 N| 18 04 E 44 | July, 1922-June, | Angstrom.t
Sweden. 1927.

(15) Sloutzk |5941N| 3029 E 40 | January, 1926-De- | Crova-Sloutzk;!

(Pavlovsk,| . cember, 1925, Savinofl,
Union of
Socialist
Soviet Re-
publies.

(18) La Jolla, [3250 N | 11715 W 26 | July, 1928 and | Weather Burean
Calif. November, 1928~/  thermoelectric.

. December, 1929.
(19 Paéal{lrena, 415N |18 17TW 246 ) 19251928 _____.___ Do.
alif.
(20) Fresno,Calil.[36 43N | 119 9 W 26 | October, 1923-De- | Moll-Engelhard.
cember, 1929,

(21) Twin Falls, |42 20 N | 114 25 W | 1,300 | January, 1927-De- | Weather Bureau
Idaho. cember, 1929, thermoelectric,

(22) Gainesville, |20 39N | 8221 W 71 | October, 1929-Jan- | Moll-Richard.

la. uary, 1930.
(23) Pittsburgh, {40 26 N | 80 00 W 341 | Dec. 24, 1929-Jan, | Weather _ Bureau
a. 28,1930, thermoelectric.

(24) Muottas- |[4632N| 953 E |245 | July 21-Aug. 2, | Angstrom  pyra-

Muraigl. Oct. 2-14, 1923, nometer.
Jan. 20-27, Mar.
) ¥-13, 1924,

(25) Zugspitze, {47 25 N | 1059 E | 2,962 | August, 1926-July Do.
Germany. 1927,

(26) Theodosia, (45 02N | 3524 E 15 | March, 1926-De- | Crova-Sloutzk,!
Union of cember, 1923. Savinoff,
Socialist
Soviet Re-

- publies.

27) Kislovodsk, |43 54 N | 4242 E 850 | July-December, Do.l
Union of 1923.

Socialist
Soviet Re-
publics.

(28) Mount EI- 143 17N | 40 12E | 3,200 | Aug. 10-19, 1926... Do.t
brus, Un-
ion of So-
cialist So-
viet  Re-
publics.

1 Radiation records as recorded have been reduced to the Smithsonian pyrheliometric
scale of 1913 by multiplying by 1.035.
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TaBLE 1.—Stalions which obtain recordsiof the total radiation received
on a horizontal surface from the sun and sky—Continued

- Lati- Longi- Alti- <
Station tude tude tude Period Instruments
° ! e’ Meters .

(20) Paris, France| 48 48 N 229E 50 | 1926 . ___.______ Moll thermopile;
(Parc  St. Richard register.
Maur). (E_or) cloudless

skies.

(30) Tiflis, Union |41 43N | 44 48 E 421 | June~August, 1927_ A. Mi, Crova
of Socialist Sloutzk.

Soviet Re-
publics.

(31) Tashkent, |41 20N | 69 18 E 475 | 1926-1928___ . ____. X Crova.!
Union of
Socialist
Soviet Re-
publies.

32) Irkutsk, (5216 N| 104 19E 48T V1928 X. 1 Crova-Sloutzk-
Union of Linke.
Socialist
Soviet Re-
publies.

! Radiation records as recorded have been reduced to the Smithsonian pyrheliometric
scale of 1913 by multiplying by 1.035.

TABLE 2.—Sources of data given in Tables 3, 4, and &

(1) Lincovun.
KimBarn, Hersert, H. 1916-1929. Solar and Sky
Radiation Measurements. Mo. Wea. Rev., 44: 178.
Monthly thereafter.
(2) MapisoNn,
KivsaLy, HerBerT H., and Miuier, Eric R. 1916.
The Total Radiation Received on a Horizontal Surface

from the Sun and Sky at Madison, Wis. Mo. Wea.
Rev., 44: 180.

KimeaLL, HErsErT H. 1916-1929. Solar and Sky Radi-
ation Measurements. Mo. Wea. Rev., 44: 179.

Monthly thereafter.
(8) CHuicago.

Kivsary, Herserr H. 1923-1929. Solar and Sky
Radiation Measurements. Mo. Wea. Rev., 51: 533.
Monthly thereafter.

(5) W ASHINGTON.

KimsarL, HErBErT, H. 1915-1929. The Tota]l Radia-
tion Received on a Horizontal Surface at Washington,
th C. Mo. Wea. Rev. 43: 100-111. Monthly there-
after.

(6) New YoORK.

Kivsary, Hersenrt H. 1924-1929. Solar and Sky Radi-

ation Measurements. Mo. Wea. Rev., 52: 225.
Monthly thereafter.
(11) Davos.
Dorno, C. 1928. Tigliche und Sidkulare Schwenk-

ungen du Sonnenstrahlung im Davos.
(14) SToCKHOLM.
NGSTROM, ANDERS. 1928. Recording Solar Radia-
tion. Meddelanden fran Statens Meteorologisk-Hydro-
grafiska Anstalt. Band 4, No. 3.
(15) SLouTzZE.
KaviTin, N. N. Bulletin de la Commission Actinomé-
trique permanente de I’Observatoiré Géophysique Cen-
tral, 1925-1928.
Rates of solar energy according to observations effected
at the Magnetic-Meteorological Observatory Sloutzk

(Pla.viovsk). Recuéil de Géophysik. Tome VI, Fas-
cule 1.
(18) La Joura.

RicuARDsON, BuUrT. 1929. See Solar Observations.

Mo. Wea. Rev., 57: 300.
(19) PASADENA.
RicearDsoN, BuUrT. 1929.
Mo. Wea. Rev., 57: 300.
(20) Fresno.
Kiveary, H. H. Solar Observations.
57:26. Monthly thereafter.
(21) Twin Faiis.

Monthly thereafter.

See Solar Observations.

Mo. Wea. Rev.

Kivary, H. H. 1927. Solar Observations. Mo. Wea.
Rev. 55: 29. Monthly thereafter.
(22) GAINESVILLE.
Kiveain, H. H. 1930. Solar Observations. Mo. Wea.

Rev. 58: 26.
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TaBLE 2.—Sources of data given in Tables 3, 4, and 6—Continued.

(23) PIiTTSBURGH.

Kimsarn, H. H. 1930. Solar Observations. Mo. Wea.
Rev. 58: 26.
(24) Mvuorras-MURAIGL.
Dorno, C. 1927. Grundziige des Klimas von Muottas-
Muraigl. (Oberengadin.)

(25) ZuGspITZE.

Lipp, HERMANN.
der Zugspitze.
fur Bayern.

(26) THEODOSIA.

Kaurmin, N. N.  1927-1929. Bulletin de la Commission
Actinométrique permanente de la Observatoiré Géophy-
sique Central, 1926-1928.

(27) KisLovVODSK.

Kavmmin, N. N. 1929. Bulletin de la Commission
Actinométrique permanente de la Observatoiré Géophy-
sique Central, 1928, 2-3.

(28) MounT ELBRUS.

Kaurrin, N. N. 1928. Solar, Diffused and Terrestrial
Radiation Aceording to Observations Effected on
Mount Elbrus. Jr. Geophysics and Meteorology.
3. N°. 3. 195-209. (Reprint.) .

(29) Paris.

Brazier, C. E. 1926. Observations et Travaux Acti-
nométriques effectuis & I’Observatoire du Pare Saint-
Maur pendant l'anne 1926. Annales, Institut de
Physique du Globe de I’Université de Paris, VI., 121.

(30) TrFLis.

Mossidse, Schalva. Aktinometrische Beobachungen am
Geophysikalischen Observatorium Georgiens zu Tiflis.
Aktinometrischer Monatsbericht, 1928, No. 1. (Geor-
gien and Russian text with German abstract.)

(31) TASHKENT.

Kavmtin, N. N. 1926-1928. Bulletin de la Commission
Actinométrique permanente de 1’Observatoire Géo-
physique Central.

(32) IRKUTSE.

Kavimiv, N. N. 1928, Bulletin de la Commission
Actinométrique permanente de !’Observatoiré Géo-
physique Central.

1928. Beitrige zum Strahlungsklima
Deutschen Meteorologischen Jahrbuch

NEW DATA

Vertical component of solar radiation.—Table 3 gives
monthly averages of daily totals of solar radiation received
on 8 horizontal surface, (1) including both that received
directly from the sun and that received diffusely from the
sky; (2) the component received directly from the sun;
and (3) the component received diffusely from the sky.
These daily totals are obtained by means of insjruments
that make a continuous record of the intensity of the
solar radiation that falls upon their receiving surfaces.
In most cases the instrument records (1), the intensity
of the total radiation (direct + diffuse). An increasing
number of stations are now recording continuously the -
intensity of direct solar radiation at normal incidence.
The vertical component of this intensity gives (2), above,
and the difference between (1) and (2) gives (3), the
intensity of the diffuse solar radiation received on a
horizontal surface.

This latter measurement may be made by an instru-
ment that will give the total (direct + diffuse) radiation,
by interposing a screen between its receiving surface and
the sun. It includes radiation received from both clear
and cloudy skies.

Table 4 gives smoothed weekly averages of the total
solar radiation (direct + diffuse) received on a horizontal
surface. The averages have been smoothed by the well-
known smoothing formuls,

a+2b+ec,
4
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TaBLE 3.— Monthly averages of dazly totals of solar radiation recetved
on a horizontal surface (gram-calories per square centimeler)

] ] "
b 2 @
i i058l5]%
b
AR AR AR AN AR AR AR
Al Sl<|E|AlAl<|&{O|&B A
Pasadena d.__._....... 333 | 427 | 532 | 568 | 512 | 582 | 568 | 460 | 400 | 365 | 316
Pittsburgh 1. 150 (RO RS AR RPRPPION PRy SRSy (o) FSyuion I SOSn .
Davosl.______.______. X 286 | 358 | 381 | 470 | 454 | 487 | 524 | 585 | 346 | 232 | 176
Muottas-Muraigl 1____|1284 |_____ 3500 |-ceoo|acran]omann 4805 | _[----- 8456 |- -
Zugspitze 1. ____.___. 130 | 234 | 325 | 424 | 473 | 562 | 433 | 509 | 368 | 277 | 160 [ 106
Stockholm: !
1922-1927________._ 25 7 181 | 205 | 344 | 416 | 422 209 | 110 | 47 | 22
1905-1926 8___ . _._ 29| 75 186 | 295 | 422 | 450 | 414 218 | 107 | 49| 22
Direct solar 7_.___ 11 39 | 105 | 219 | 318 | 347 | 328 147 | 50 12 3
Diffuse solar &_..._ 18| 36| 81| 76| 104 | 103 | 86 710 57 37| 19
Sloutzk ' _____________ 260 | 341 | 380 | 445 176 | 69| 19 11
Direct 7. ____.__ 3| 130 | 194 | 226 | 311 104 | 30 4 3
Diffuse $.__._._._. 129 | 147 | 163 | 134 72| 3% 15 5
Theodosia 1._ 282 | 433 | 534 | 549 335 | 215 | 113 | 56
Direct 7__________|--eo|o-o-f 117 L 312 | 451 | 408 254 | 143 | 34 9
Diftuse 8o |ooa] B 121 { 83 | 141 54 | Ve 7! 47
Kislovodsk 1. 357 | 377 393 | 483 264 | 240 | 193 | ©5
Direct 7__ 181 (236 [ 2556 | 372 {_____|.___l_____ 132 1 37
Diffuse & ecee-—- 176 | 141 | 138 | HI1 |o o jooo |- 61 ]
Mount Elbrus: !
Clear SKy_ . coocf-mmme|ammnefmmm e fammen | oo | 697 | .
Cloudy Sky .. roocfemcoo|occacfsmmma|emma e mm e[ m e | B0 |
Paris: 7 i
Clear sky. .. _.--- 180 | 305 | 475 | 560 | 580 | 570 | 500 | 390 | 275 | 135 | Y5
Avenge sky. 56 | 104 { 190 | 269 | 273 | 270 | 260 | 172 77 32 18
iflis 7_______ 430 1 372 [ 379 oo |oeom[aon I
'I‘ashlwnt 7 2 R 541 | 522 | 511 | 387 | 225 ; 124 | 58
Irkutsk 7 .. __.-—- : 334 | 345 | 272 | 172 | 118 | 35 [ 25

s For Oct. 2-14

¢ Computed.

7 Vertical component of direct.
8 Vertical component of diffuse.

1 Total radlatlon (direct 4 diffuse).
1 For Jan. 20-27

3 For Mar. 8—13

i For July 23-Aug. 2.

TaBLE 4.—Weekly means of daily lotal solar radiation (direct --
diffuse) received on a horizontal surface (gram-calories per square
centimeler)

Lin- Chi- Gaines-| La Jolla

Wash-
Week | jnoton| son | coln | cago | York | Falls |FTesn®| “vije
151 138 185 79 107 176
156 148 192 80 106 183
184 164 202 88 115 191

May 10.__. 457 465 487 377 362 639
May 17___. 466 474 615 384 375 710
May 24.... 482 482 528 402 396 734
May 31 492 493 522 420 411 693
June 7..... 493 605 528 421 412 657
June 14_... 490 509 536 412 408 664
June 21.... 490 520 560 414 309 712
June 28.... 499 533 586 136 402 710
July 5..... 499 534 583 449 410 700
July 12.__. 485 526 572 432 405 726
July 19.__. 478 512 562 415 402 715
July 26.... 470 490 543 396 397 681
Aug.2____. 452 460 521 366 370 648
Aug. 9....- 437 454 504 356 346 638
Aug. 16.__. 428 43 495 362 331 617
Aug. 23__.. 421 430 485 368 314 591
Aug. 30.._. 405 404 462 357 317 569
Sept. 6-... 385 370 428 315 289 544
Sept. 13...[, 3668 347 405 284 308 520
Sept. 20... 354 336 373 267 274 496
Sept. 27... 338 208 349 234 244 464
Oct. 4..... 321 270 3R 208 247 429
Oct. 11.... 300 247 307 190 247 407
Oct. 18_.__ 276 224 204 171 198 390
Oct. 25._.._ 259 204 269 154 188 351
Nov.1.._. 240 184 241 136 171 202 305 354 237
Nov.8__.. 219 162 221 114 144 232 290 344 240
Nov. 15_.. 197 143 206 99 124 184 269 338 255
Nov.22__. 177 131 198 92 116 152 241 274 272
Nov. 20, 160 126 187 80 108 143 208 272 201
Dec. 8....- 147 121 172 72 101 138 174 307 290
Dee. 13_... 141 118 185 68 06 122 159 275 2387
Dec. 20.... 141 122 170 72 99 130 150 263 280
Dec. 271___ 144 129 179 79 104 159 137 317 262
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Table 5 gives the annual totals of solar radiation
(direct -+ diffuse) received on a horizontal surface. They
are expressed in both gram-calories per square centimeter
and in kilowatt-hours per square dekameter. The latter
values are included for the reason that the general public
is more familiar with electrical than with heat units.
They are obtained from the former by multiplying by
the factor 1.161.

TaBLE 5.—Annual totals of solar radialion received on a horizonial
surface (direct +diffuse)

: Gr. cal./ | Kilowatt- Qtati @r. cal./ | Kilowatt-
Stations cm.? / hours Stations ¢m.? hours
Pasadena, Calif._.___ 165416 192048 || Theodosie, Union of
Fresno, Calif- ... 169691 197011 Socialist Soviet
Twin Falls, Idahy___ 153G13 174345 Republies________.| 102007 115430
Lincoln, Nebr______. 136346 158208
gg:‘;‘l‘gg’ Il‘l‘ 1S - 1;8‘:’60 igﬁg% Direct solar radiation only
Washington, D. [ 121641 141225
New York, N. Y_.__ 94801 110064 j| Paris, France:
Stnckholm, Sweden . 177436 1 89838 Averageday____. 53227 61797
78851 Clear day__._._. 125693 145930
Davos Platz, Swit- Tashkent, Upion of
zerland. .. oooooooop 130657 151693 Soclalist Soviet
Zugspitze, Germany_ 122125 141786 Republies. ... 102105 118544
Sloutzk, Union of Irkutsk, Union of
Sacialist Soviet Socialist Soviet
Republies_....____ 69447 50656 Republies. . _._____ 64208 74545

¢ Instruwnental record, 1922-27.
* Computed from relation between recorded amount and degree of cloudiness.

Solar radiation intensity at normal incidence.—In Table
6, under ‘“‘Instruments,” the following abbreviations
have been employed:

A = Angstrém electrical compensation pyrheliometer.

Ma.=Marvin electrical resistance pyrheliometer.

S. I.=Smithsonian silver-disk pyrheliometer.

M. G.=Moll pyrheliometer as modified by Gorezyhski.

Mi. =Michelson bimetallic pyrheliometer.

Table 7 summarizes the measurements of solar radia-
tion intensity at normal incidence. In the column
headed “Data’ the symbols have the following signifi-
cance:

A =intensity after the solar rays have passed through
air mass m, where unit air mass is the atmosphere
passed through with the sun in the zenith; and
in general

_ atmospheric refraction in seconds
58.36” X sin Z(Z =sun’s zenith distance)

Apex=mean of daily maximum intensities.
a=atmospheric transmission.
Numerical subscripts designate the values of m for
which values of A or ¢ are given. Thus,
A,=radiation intensity when m=2.

A

81 = Al’ or the transmission when the sun is in the zenith.

0
. e e e As
8,_3=atmospheric transmission indicated by A,
2

Table 8 gives the sources of the data summarized in
Table 7.

It will be noted that the values of A, in Table 7 are
higher in winter than in summer. This is partly due to
the fact that the earth’s radius vector reaches its maxi-
mum value in early July and its minimum in early
January, and partly to the fact that the atmosphere
contains much less water vapor in winter than in summer.
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TasLE 6.—List of pyrheliometric stations

FEBRUARY, 1930

Station Latitude(Longitude ﬁ,‘éﬁ Period Instrument
° 7 ° 7/ Meters
(100) Antibes, France 7 7E 35 | July, 1914-March, 1916. .. . coooioma o Crova.
(101) Antrea, Finland W HE 15 | June-August, 1822-23_ ____ .. . ... }A Mi. (8. I. scale).
(102) Ariana, Tunis THE 10 | July, 1924-June, 1927____ Richard- Moll.
(103) Baku, Union of Socia Republic 49 50 E 14 | October, 1922.._.___.__ -| Michelson actinograph.
(104) Borovogi Samara, Union Socialist Soviet (53 00N | 52 03 E 82 | 1906-1018. e emcmiaees Viola-Baveliev, Mi.
Republies.
(15) Davos, Switzerland._ ... o oooooooo 949 E 1,600 | 1907-1827 (NeW SUININATY) - <o oo oo cemomomomemae A., Mi. (reduced to 8. 1. standard).
(17) Eskdalemuir, Scotland 312W 19221926 (continuation). .. _______ ... ____ .1
(24) Fresno, Calif . _.______ 119 49 W S. 1.
(105) Glewont Poland 200 E M. G.
{106} Golodn%{'& Steppe, Union Socialist Soviet [40 25 N | 68 45 E Mi.
Republics. s
(107) Helsingtors, Finland _______________________ 60 10N | 24 57E 40 ) June, 1922-December, 1923 A, Mi. (8. 1. scale).
(108) Irkutsk, Union Socialist Soviet Republics--{§2 16 N | 104 19 E 470 | (@) 1913-1927; (b) 1928_____ X.,l Croova, Mi.
(109) Jokkmokk, Sweden 255 | June 29, 1927 i 1:/[ G, A1
(110) Jungfruskar, Finland.... 20 | July, 1922 . e ccmcmmmcccecaen A, Mul. (8. I scale).
(34) Katharinenburg (Sverdlovsk), UnionofSo- |56 50 N | 60 38 E 280 | 1915-16 Mi., A.,! Crova actinograph.
cialist Republies.
(35) Kow Obs’Y. EDg_ .o oooooimocoiomamaanes 5128N| 018W § | 1922-1926 (CoNUBUALION)...omoeromceccccaca i1
(111) Khanga, Algeria - . - 643 E 253 | June 17, 1877 . .._....____ Violle.
(36) Kief, Union of Socialist Soviet Republies. {50 27 N| 30 30 E 183 1888—1893 1920-1928 Violle, Crova actinograph, Chowolson. M.
(112) KlSlOt\)?OdSL Union of Socialist SBoviet Re- |43 64 IN | 42 42 E 850 | May-December, 1928 A., 1 Crova.
publics
(113) k(l)msk Union of Socialist S8oviet Repub- |51 45 N | 36 12 E 250 | May, 1925-December, 1028 . .. oooo ... Mi.
ics
(114) Laghouat, Algeria............._... JRu— 3348N( 25 E 750 | July 12-13, 1877 - oo oeo ool Violle.
(42) Lenig]grad, Union of Socialist Soviet Re- { 59 56 N | 30 16 5 | 1915-186, 1918, 192324, 1926-1928__________________ MI., Mi.-Marten, Chwolson.
ublics.
(43) Lincoln, Nebr_._._______.__ ez secenoac 4050N | 96 41 W | 373 | 1926-1928 (continuation).._. ... __.____.. Ma.
(115) Léttschenliicke (Berne), Switzerland._ _| 46 28 N 757E Mi. (8. I. scale).
(118) Lysina, Poland..__.._ ... (4946 N{ 20 4E -| Mi. (8. L scale).
(45) Madison, Wis. .. __._______ |4305N| so 23 W -| Ma.
(49) Mont Blanc, France__. ...« eeioaanaa. 45 49N 6 52E “| Violle.
(117) Montana (Wallis), Switzerland_._________. 4619N| 7R8E _| Mi. (8. L. scale).
(52) Montpellier, France. ... 4337TN| 35E - Crova
) . . December, 1911-July, 1914_____ .| A%t
(53) M]osoow Union of Socialist Soviet Repub- [ 55 50 N | 37 33 E 185 | (a) 1909 to date; (b) 1914-1024________________._. Mi., A Crova, S. 1.
(118) Mount Elbrus (Krugozor), Union of Social- (43 17 N'| 40 12 E 3,200 | Aug. 8-20, 1926 _ e emaman A.,l Savinoff.
ist Soviet Republics
(119) Mount Evans, Greenland 66 51N | 50 50 W 304 | September, 1927-April, 1928 ___ ... ____..._. Moll. (8. I. scale).
. 76-650 | August, 1927 -
(120) Muottas-Muraigl 46 32N 963E 2,456 Jullvslr-AlﬁgIJlst 1%%4 October-January, 1923—24 Mi, 8. 1.
arch-June
(121) Oumt-)’ll‘mbe, Union of Socialist Soviet Re- {39 66 N| 690 00 E 1,040 | January, 1607 ! A.
ics
(63) Pans, Parc St. Maur 229E 50 | 1024-19%6..__ A, Mi, 8.1
(67) Potsdam, Germany..__._. . coceomeo-o 12 4E 108 | 1907-1923 - oo eeeecemeem e A Mi, 8. L.
(122) Rtlapetek 'Union of Socla]lst Soviet Repub- (38 35N | 63 10E 185 | April, May, September, October, 1925 Mi.
ics.
(123) Rovaniemi, Finland. . ......oo.oeeoeono. 620N | 25 4E 200 | Jume, 1928 e 4., Mi. (8. I. scale).
(124) Schbreiberhau (Reisengeberge), Germany..| 50 50 N | 15 32 E 700 | April, 1923; January, 1926. . Mi.
(125) Seba%!iopol Union of Socialist Soviet Re- {44 36 N | 33 32 E L U L S S Mi., Crova.
pu
(64) Slouttz% (Pag}ovsk), Union of Socialist So- |58 41N | 30 20 E 30 | January, 1926~December, 1928______ ... _________ Mi., .1
viet Republics o
126) Smokovek, Czechoslovakia 1,015 | 1923-1926. . Bimetallie, A.!
(127) Btolzalpe, Austria_.____________ E 1,180 | Aug. 10-17, 1925_ | Aa
(128) Swinica, Poland._._____ D el Pt S o 20 00E | 2,308 | Sept. 1, 1926 { M, G.
(76) T:]a.phkent, Union of Socialist Soviet Repub- |41 20 N | 60 18 E 480 | 19261928 . e emem————- Mi., A2
ics.
(129) Tacubaye, Mexico 1924 N| 9012 W | 2,800 | 10011-1005_ ... 4,81
(130) Tagrait, Algeria 34 49N 643 E 993 | June 17, 1877_____ Violle.
(131) Tchimigan, Uni 70 km. NE Tash- 1,400 | June-July, 1923 Mi.
publies. kent :13:% }July— August, 1025
(81) Theodosia, Union of Socialist Soviet Repub- |45 02N | 35 24 E 15 | February, 1926-December, 1928 . __...._________. Mi., i1
lics. June-August, 1927. . . Crova-Savinov actinograph.
(182) Tiflis, Union of Socialist Soviet Republics..| 41 43 N | 44 48 E 420 | September, 1913-Decermber, 1915 June-August, 1.,1 Mi.
1927, January—December, 928.
(133) Tomsk, Union of Socialist Soviet Repubhcs- 6 30N | 84 58 E 124 | March to May, October to November, 1901_._._ Viol 8aveliev.
(134) Touggourt Algeria. . ......|3830ON| 602E |...____. March-April, 1924______ ... Mi
(135) Vienna, Austria____..__________ 203 | March, 1904-September, 1906. _
(136) Vladglrfstok, Union of Socialist Sovie 50 | January-December, 1928 ... .....
ublics.
(88) Warsaw, Poland. ... ... ... 138
86
(89) Washington, D. C_____ ... BEEN| 7205W 127
(137) Yalta, Union of S8ocialist Soviet Republics..|44 30N | 34 11 E 100 | June-September, 1926; May-September, 1927 .
(90) Zakopane, Poland. ... ____. 49 17N| 19 58 E 833 | Aug. 28-Sept. 15, 1925 M. G.
(138) Zaleszczyki, Poland. _ {48 39N | 254 E 180 | Jan. 10-Sept. 21, 1924. M. G, &. (8. I. scale).
(139) Zugspitze, Germany. _|47 25N} 1059 E Aug., 1926-July, 1927 . _____________ .| 8.1, A, Mi.
(91) Atlantie Ocean___.______________ North Seas .-| Apr. 5May 2; July 15-Aug. 15, 19! _| Universal actinometer of Hartman & Braun,

Hamburg to Buenos Aires and return. .

Off Spanish coast;
trades; off Cape

Islands, calm zone, SE.

trades.

NE.
Verde

t Radiation records as recorded have been reduced to the Smithsonian pyrheliometric scale of 1913 by multiplying by 1.035.

Frankfurt a Main.
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TABLE 6.—List of pyrheliomelric stations—Continued

Station Latitude|Longitude | f14 Period Instrument
o o
Atlantic Ocean__ 39 N 10 W .80, 1925 e ememeaecen Angstrﬁm pyrheliometer standardized by com-
NE. trades 26 N 6 W .2, 1925 parison with Smithsonian silver-disk pyrhelio-
Do.___ 2 N 18 W .3, 1925 __ meter.
Calm zone. |18 N 2 W . 4, 1925_
SE. trades. 2 N 20 W .7, 1925,
Do____ 3 8 32 W 8, 1925.
Do.. 8 8 38 W 9, 1925._.__
Do.._ 13 8 B W 2,1925_ . _..
Do.. 9 8 35 W 3,1925_ . __.
Do 5 8 33 W 4,1025_ __..
Do. 0 30 W 5,1925_ ____
NE. trades 24 N 18 W 10, 1925_ _ __
DO oo 2 N 16 W 11, 1925 . __
42 N 9 W 14,1925 _ .. __ -
Atlantic OCeAD . e oo ain 43.5 N 40W L, 22,1928 ____ Moll, 8. 1.
43.5 N 9.0 W . 23,1928 ..
38.5N 25.0 W . 25,1928 _.
37.0N 3LOW . 26,1928 __.
34.5N 40.0 W . 27,1928 ...
33.0N 47.0W . 28,1928 ____
31.ON 56.0 W .29, 1028 __
2.6 N 70.0 W May 1, 1988___
2.0 N T7T.0W May 2, 1928 e

TaBLE 7.—Monthly means of solar radiation and atmospheric  TaBLE 7.—Monthly means of solar radiation and atmospheric

transmaission transmission—Continued
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TaBLE 7.—Monthly means of solar radiation and atmospheric  TaABLE 7.—Monthly means of solar radiation and aimospheric

{ransmisston—Continued transmission—Continued
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2
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. () 1.34(1. 26 Tashkent (75):
. 78}z

~Th 00 1S
0 =f =
HiEer
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e ——
L7219 Bl
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Baku 3 (103).
Tomsk (133):

Am ......................... cmee]eee (1291 32(1. 29) e e aee O ) B L ARG E R E L ETT T ST TP ET RS PEE EEER EET) PR ERE FEEE CEER R TR

........................... ceeeeea L T4 461 28 |2 77|4.28)

Ya.lta 1 (134).
Borovoy 1 (104).
Katherinenburg (34):

Am ] IR SRR SRR PSS PR FOR (S _|1.09| .79

4.0 |- JESNIO NR: A FN .-.-l4.0 6.0 - [ PO,
! Within 30 miles east from Mount Evans. ? Not found in U. 8. Weather Bureau library.

3 Not found in U, 8. Weather Bureau library, i 8ece dates in Table 6.
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TaBrLE 7.—Monthly means of solar radiation and almospheric
transmission—Continued

Station

| January

\ February

' March
April
May

] June

I July
August
September

| October

l November

| December

Narth Atlantic Ocean:
Bay of Biscay—
[ SR T PP JRURROR RO U & - | SRS PRSI SO (R RV (SRR PR P
Off Spain—
. R P RSP SR SR - T SRR SO RPN SO JERS SN SRR S,
Off Azores— :
A 30 m e eiiieioeo VSR GRS DR | 1N { ISR VRN SO R RPN FR PSR F,
. Temperate—
A9 e VSRS VR RN 5 - - { VU VS VI N ORI VU S (N
. Temperate—
1.08mm e ammmmm— e RSO RO RO P (NP SRS FOUPU IR RV, VDI FRSR F,
S. Temperate—
S P JEVEEDN FEVURR S | 1R | PR PSRN RO S USRS R I
8. Temperate—
S

m N

T PO RPN VOO SR & U | FEPRPOOY (SRR PN IR, RN PO NP P
. Temperate—

y S U RSN SR N (RPN | P~ FSON U N, RPN SRS N

Ay
Off Bahama I.—
. O T S [P (R S ) TR0 1 I DR [, FERURRY (R SR

TaBLE 8.—Source of pyrheliometric data

ANnTiBES, FrRANCE.
Raymonp, G. 1918. Observations actinométriques journal-
iéres pendant les annes 1914-1916. Bul. de la Soc. Lan-
guedoc de Géogr. de Montpellier, 1918.

ANTREA, FINLAND.

LuneLonp, Harowp. 1924, Uber die Warme- und Licht-
strahlung in Finland. Societas Scientiarum Fennica.
Commentationes Physico-Mathematicae, I, 11

ARIANA, Tunis.

GorczyKskr, L. 1928, Quelques traits caractéristiques du
climat solar réel du littoral Tunisien. Annales du Service
Botanique de Tunisie, Tome V, fascicule 2.

Baku, UNioN OF SoCIALIST SOVIET REPUBLICS.

MaLinovsgY, N. 1926. Solar Radiation and the Trans-
parency of the Air in Baku. Meteorological Messenger,
Marine Observatory of Baku.

Borovoy (Samara) UNION oF SocrarisT SovieT REPUBLICS.

Tousky, A. 1921. Daily Amount of Solar Radiation on
Clear Days. Borovoy Experimental Forestry. Meteoro-
logical Messenger, 1921.

DAvos, SWITZERLAND.

Dorno, C. 1928,
Sonnenstrahlung im Davos.

ESKDALEMUIR, SCOTLAND.

GREAT BRITAIN, METEOROLOGICAL OFFICE.

dalemuir Observatory, Solar Radiation.

Tigliche iind Sdkulare Schwenkungen du
Paris.

1922-1926. Esk-
Measurements of

Radiation by Angstrbm Pyrheliometer, 1922-1927. The
Observatories’ Year Book.
FresNo, CALIF.
KimBary, HerBerr H. 1929. Solar Observations. Mo.

Wea. Rev., 57: 27, Table 3.
GIEWONT, POLAND.,

StENz, EpwarD. 1928. Mesures au sommet de Giewont.
Extrait du “Kosmos,” Journal de la Société Polonaise des
Naturalistes “Kopernik,” vol. 53, Fase II-III, ser. A,
mem. p. 444, Table 10.

GOLODNAYA STEPPE, UNION OF SOCIALIST SOVIET REPUBLICS.

AGRICULTURAL ExPERIMENT StTATION. Golodnaya Steppe,
l%amal;kand region, 1914, (Bulletin (Izvestia), No. 1, 1915,

r. 2.
HzuusINGFORS, FINLAND.

See Antrea, Finland.

IrkvTsK, UNION OF SocraristT Sovier REPUBLICS.

(a) SmastakovrrcH, V. B. Solar Radiation and the Climate
of Irkutsk. See also Works of the Magnetic Meteorological
Observatory of Irkutsk.

(6) Kanrmin, N. W., 1929. Bulletin de la Commission
Actinométrique permanente de 1'Observatoire Géophysique
Central, 1928, Nos. 1-3.

JOKKMOEKK, SWEDEN.

SteEnz, Epwarp. 1929. Radiation solaire et l'opacité at-
mosphérique pendant leclipse du soleil du 29, VI, 1927.
Gerlands Beitrige zur Geophysik. Bd. 21, heft 2-3.

JUNGFRUSEAR, FINLAND.

See Antrea, Finland.
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KATHARINENBURG (SVERDLOVSK) UNION OF SoOCIALIST SOVIET
REpPUBLICS.

Katharinenburg Magnetic Meteorological Observatory. Ob-
servations, No. 1, 1915-16.

Kew OBseErvaTORY, RicEMOND, ENGLAND.

GREAT BriTAIN, METEOROLOGICAL OFFICE. 1922-1926.
Richmond (Kew Observatory) Solar Radiation. Measure-
ments of Radiation by Angstrﬁm Pyrheliometer, 1922-1927.
The Observatories’ Year Book.

KnrANGA, ALGERIA.

Viorre, J. 1878. Mesures actinométriques
Algérie pendant 1'été de 1877.
86: 820.

Kier, UNioN oF SociarLisT Sovier REPUBLICS.
éAVELIEFF, R. N.
Works of the Net of Meteorological Stations of South-
west Russia, 112: 481.
1891, Results of Actinometric Observations in 1890 in
Kief. Meteorological Review.
1926. VUkraine Meteorological Service.
Bulletin.
Kisrovopsk, UNION oF Sociarist SovIET REPUBLICS.

KaurtiN, N. N. 1929. Bulletin de la Commission Actino-
métrique permanente de 1'Observatoire Géophysique Cen-
tral, 1928, Nos. 2-3.

Kovunsk, UN1oN oF SocraList SovieT REPUBLICS.

Kavrrin, N. N. 1929. Bulletin de la Commission actino-
métrique permanente de 1’Observatoire Géophysique Cen-
tral, 1928, Nos. 1-3.

LAGHOUAT ALGERIA.

ViorLLe, J. 1878. Mesures actinométriques relevées en
Aégégrlig. pendant Vété de 1877. Comptes Rendus (Paris)
86: .

LeninGgrAD, UNION OF SociaList SovieT REpUBLICS.

Annals, Central Physical Observatory, 1915-16, 1918, 1923

24, 1926-28.
LincoLN, NEBR.

KiMBaLnu, HerBerT H. 1926-1928.

Mo. Wea. Rev., vols. 54-56, Nos. 1-12.
LOTsCcHENLUCKE (BERNE) SWITZERLAND.

Loeweg, F. 1927. Strahlungs-und Temperaturmessungen an
der Létschenliicke im August, 1926. Beitrige zur Physik
der freien Atmosphire. 13:183.

Lysina, PoLaND.

StENz, Epwarp. 1924. The Optical Properties of the
Atmosphere Above the Top of Lysina (Polish Beskids)
[Polish text with English abstract]. Odbitka z Rocznika
Obserwatorjum Astronomicznego Krakowskiego Na Rok
1924, Tom III.

MapisoN, Wis.

KivBain, HerBerr H. 1926-1928.

Mo. Wea. Rev. vols. 54-56, Nos. 1-12.
Mont BLanc, FRANCE.

VioLLe, J. 1876. Mesures actinométriques au sommet du

Mont Blanc. Comptes Rendus (Paris) 82: 898.
MoNTANA (WALLIS), SWITZERLAND.

Gorz, F. W. PauvL. 1927. Strahlungsmessungen in Montana

(Wallis) Gerlands Beitrige zur Physik, 18, 262.
MonNTPELLIER, FRANCE.

Crova, A. 1876 and 1879. Mesure de 'intensité calorifique
des radiations solaires. Bulletin Meteorologique du De-
partment d ’'Herault, 1876 and 1879.

Bouraric, A. 1918. L’étude du pouvoir absorbant de
I’ Atmosphére terrestre, Paris.

Moscow, UnioN oF Socranist Sovier RepuBLics.

(@) Moscow Agricultural Institute, 1909 to date.

tions of the Meteorological Observatory.

(b) See under Warsaw, Zborowski, Pierre, 1929,

Mount ELBrus, UNioN oF SociArisT SoviET REPUBLICS.

Kavrriy, N. N. 1928, Solar, Diffused, and Terrestrial
Radiation According to Observations Effected on Mount
Elbrus. Jr. Geophysics and Meteorology, 3, No. 3: 195-209.
(Reprint.)

MounTt Evans, GREENLAND.
KarrLquist, C. R. 1929. Manuseript tables.
MuorTas-MURAIGL, SWITZERLAND.

Dorno, C. 1927. Grundziige des Klimas von Muottas-
Muraigl (Oberengadin). Braunschweig.

Ovura, TiuBg, UNION oF SociarList SoviET REPUBLICS.

Acad. Sci. 1910. Memoires.

relevées en
Comptes Rendus (Paris)

The Decade

Solar Observations.

Solor Observations.

Observa-~
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Pagis (Parc Saint Maur).

Brazier, C.-E. 1924-1926. Observations actinométriques.
faites & 1’Observatoire du Parc Saint-Maur, 1924-1926.
Annales, Inst. Physique du Globe de I’Université de Paris,
Tome IV, V, VI.

Porspam, GERMANY.

MARTEN, W. 1927. Das Strahlungsklima von Potsdam.
Verdffentlichungen des Prussischen Meteorologischen Insti-
tuts Abh. Bd. 8, No. 4.

REPETEE, UNION OF SocCIiaLisT SOVIET REPUBLICS.

Orrov, B. P. 1925. Data Regarding Diurnal Intensity of
Solor Radiation at Repetek. Meteorological Messenger,
35, No. 12, pp. 257-261.

RovanNiEMi, FINLAND

See Antrea, Finland.

ScHREIBERHAU (REISENGEBERGE), (FERMANY.

TicrY, Hans. 1926. Untersuchungen iiber die Eignung des
mittelgebirges fiir de Behandlung chirurgischen Klinischen
und Gelenkleiden. Bruns’ Beitridge zur klinischen chirurgie,
137: 217.

SEBASTOPOL, UNION OF SoCIALIST SovIET REPUBLICS.

Ruvovitz, L. 1925. Actinometric Observations at Sebas-
topol. Hydrographical management, Union of Socialist
Soviet Republics.

Srourze (Paviovsk), UNioN oF Socrauist Sovier ReroBLrics.

Kavurmin, N. N.

(a) 1925-1929. Bulletin de la Commission Actinométrique
permanente de 1’Observatoire Géophysique Central,
1925-1928.

(b) 1927. Rates of Solar Radiant Energy According to
Observations Effected at the Magnetic-Meteorological
Observatory Sloutzk (Paviovsk). Recuéil de Géo-
physique, Tome VI, fascule 1.

SMokKOVEK, CZECHOSLOVAKIA.

VorocrIng, F. E. 1928. Climat solaire de la Haut Tatra.
(Czechoslovakian text with French Résumé.) Z “Véstniku
min. vér. zdrav. a t&l. vychovy’’ cis. 4. roénik X.

STOLZALPE, AUSTRIA.

WEGENER, ALFRED. 1926.

am Sanatorium Stolzalpe.
Swinica, PoLaND.

StENnz, Epwarp. 1928. Mesures au sommet de Swinica.
Extrait du “Kosmos,”” Journal de la Société Polonaise des
Naturalistes ‘“Kopernik.” Vol. 53, Fasc. IT-III, 1928,
Memoirs, p. 444, Table 11.

TasHRENT, UNION OF SociaLisT SoviET REPUBLICS.

Karitin, N. N. 1926-1929. Bulletin de la Commission
Actinométrique permanente de 1'Observatoire Géophysique
Central, 1926-1928.

TacuBaYa, MEXICO.

Gorczy&sKkl, L. 1928. Algunas caracteristicas de la inten-
sidad de la radiacion solar en el Observatorio Astronomico
de Tacubaya. Boletin del Observatorio Astronomico Na-
cional de Tacubaya, 1928, num. 10.

TAGRAIT, ALGERIA.

VioLre, J. 1878. Mesures actinométriques relevées en

é&lg%rzig pendant 1’été de 1877. Comptes Rendus (Paris)
6: .
TcHiMIGAN, UNioN oF Socranist Sovier REPUBLICS.

BragowesTscHENsKY, A. W. 1926, Der Osmotische Wert
bei dem Gebirgspflanzen Mittelasiens. Jahrbiicher fur
wissenschaftliche Botanik B. LXV Heft 2, p. 282.

ZacouMENSKY, W. and KraMALEY. 1927. Some Results of
Actinometric Observations at Tchimigan in July and August,
1925. Separates and bulletin of the Middle Asia health
resorts management, 1927, pp. 47-49.

THEODOSIA, UNION OF SocCIALIsT SOVIET REPUBLICS.

Kavrrin, N. N. 1927-1929. Bulletin de la Commission
Actinométrique permanente de 1’Observatoire Géophysique
Central, 1926—1928.

Tirris, UNioN oF Socrarist SoviET REPUBLICS.

1913-1915. Tiflis Observatory, Monthly Bulletin.

1928. Mossidse, Schalva. Aktinometrische Beobachtungen
am Geophysikalischen Observatorium Georgiens zu Tiflis.
Aktinometrischer Monatsbericht, 1928, No. 1. (Georgien
and Russian text with German abstract.)

Tomsk, UNioN oF SociaLisT Sovier REPUBLICS.

SMirNov, D. 1904. Pyrheliometric Observations at Tomsk.
Memoirs, Acad. Sci. St. Petersburg, X VI, 2.

Kaurmin, N. N. 1929. Bulletin de la Commission Actino-
métrique permanente de 1’Observatoire Géophysique Cen-
tral, 1928, No. 3. ’

Messungen der Sonnenstrahlung
Met. Zeit., 43: 104.

-~
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TouGcGoURT, ALGERIA.

Gorczyfskr, L. 1925. Résumé des Mesures actinométriques
effectuées & Touggourt (Mars-Avril, 1924). Annals du
Service Botanique de Tunis, fascicule 1, p. 48.

ViENNA, AUSTRIA.

ScHNEIDER, RupoLr. 1908. Messungen der Sonnenstrahlung
an der K. K. Zentralanstalt fiir Meteorologie und Geodynam-
ik in Wien. Jahrgang 1906. Neue Folge Band 43.

VwiapivosTock, UNION oF SocIAnisT SOVIET REPUBLICS,

Kavurtin, N. N.  1929. Bulletin de la Commission Actinomé-
trique permanente de ’Observatoire Géophysique Central,
1928, Nos. 2-3.

Warsaw, PoLAND.

ZBorowsKl, PIErRRe. 1929. Mesures actinométriques &
Varsovie pendant la période 1919-1928. Extrait des
“Etudes géophysiques” (précédemment “Ftudes météoro-
logiques et hydragraphiques’’) publiées par A. B. Dobrowol-
ski, fasc. II (VIID), 1929.

WasgaINGTON, D. C.

KimBaLn, H. H. 1926-1928. Solar Observations. Mo. Wea.
Rev. vols. 54-56, Nos. 1-12.
Yauvra, UnioN oF SocianistT SoviET REPUBLICS.
Institute for Studies on Tuberculosis, 1926-27. Journal

Kurortnoye Djelo, 1926-27.
ZAKOPANE, POLAND.
StENz, Epwarp. 1928. Mesures de la radiation solaire 3
Zaleszezyki et & Zakopane. Extrait du “Kosmos’’ Journal
de la societé Polanaise des Naturalistes ‘Kopernik,” 53,
Fasces IT-III, serie A. Mémoires.
ZALESzZCZYKI, PoLAND.
See Zakopane.
ZuasPITZE, GERMANY.

Lirp, HErMANN., 1928. Beitrige zum Strahling der Zug-

spitze. Deutschen Meteorologischen Jahrbuch fiie Bayern.
ATuanTic OCEAN.
Linkg, F. 1924. Results of Measurements of Solar Radia-

tion and Atmospheric Turbidity Over the Atlantic Ocean
and in Argentina. Mo. Wea. Rev. 52: 157-160.

StENTZ, EpWwARD. 1927. Sonnenstrahlung und Atmosphir-
ische Triibung iber dem Atlantischen Ozean. Beitrige zur
Geophysik, 16: 436-452. Also manuseript tables.

GorezY&skr, LapisLavus. 1928, Manuseript tables.

NoTe.—After this paper had been submitted for publication the
following was received: “Tabellen der Intensitit der Sonnenstrah-
lung in Mittel-Europa,” Heft 1, Januar, 1930. Zusammengestellt
vom Meteorologisch-Magnetischen Observatorium Potsdam. It
summarizes pyrheliometrie observations for January, 1930, for the
following stations: Breslau-Krietern; Davos; Karlsruhe; Potsdam;
Schomberg b. Wildbad i. Wiirttemberg; Serfaus, Tirol (db. Inntal);
Taunus-Feldberg; Wien; Wyk auf Fohr.

ATMOSPHERIC DEPLETION OF SOLAR RADIATION

Figure 1 is similar to Figure 3 in the paper of April,
1927, except that it has been extended to cover a greater
range of atmospheric water vapor (depth of water, W,
that would be obtained if all the water vapor in the atmos-
phere were precipitated). Full details of the construction
and use of the table are given in the earlier paper.

In Table 9 are given values of ay_; taken from Table 7,

2
and ay_, computed from A;iR

. where R is the earth’s radius

vector in terms of its mean value, and A,=1.940 gr. cal.
per min. per sq. cm., the mean value of Abbot’s determina-
tions of the solar constant. There are also given values
of ao_; and a,_, for dust-free air that have been obtained

-by interpolation between curves 9 to 13 of Figure 1.

In using these curves it is necessary to remember that
unit air mass on the air-mass scale of this figure repre-
sents a dry-air-pressure of 760 mm. The dry-air pressure
at a station is represented by m = B-¢, where B is the
station barometric pressure and ¢ is the water-vapor
pressure. Therefore unit air mass for the station, m’,

will fall at %Ge on the air mass scale of the figure.
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For stations at or near sea level it is not necessary to
consider this small deviation from standard air mass. In
the computations for Table 9 unit air mass for Madison,
Wis., falls at about 0.96 on the air-mass scale of Figure 1;
for Lincoln, Nebr., at about 0.95, and for Davos, Switzer-
land, at 0.82. At any point on curves 9 to 15, inclusive,
Figure 1, the water-vapor content of the atmosphere
through which the sun’s rays pass is represented by

m’ W=%-—8W, where W has the value assigned to it for

the respective curves.

TaBLE 9.—Depletion af solar radiation by atmospheric dust
WASHINGTON, D. .

Jan. | Feb.|Mar.| Apr. MayIJune July|Aug.|Sept.| Oct.|Nov. Dec.‘
(mm.).. 7h4| 753 752 751 750( v50[ 750 751 753 753; 7563| 754
W (mm.) 6.0/ 6.1 8.2 11.1| 17.6] 28.9/ 33.1f 31.7| 24.5| 16.4{ 10.0] 6.9
[:T ]
.'.(Pyr.)_- .......... c71) .71 .es| .65 .63] .64/ .69
Dust-free air..___[.co-_|..-.. .81 .80 .77 .74 .72] .72 .75
Dust depletion__|.__.__|[ ... .10] .09 .09 .09 .09 .08 .06
80-3:
(PYT) ecommemeee .61 .59 .58 .57 .52[ .48 .50 .51 .54 .56/ .59 .61
Dust-free air..._. 74 .74 .71 .70[ .67 .61 .60 .60| .63} .67 .71 .73
Dust depletion__| .13| .15 .13] .13} .15 .13} .10[ .09) .09| .11} .12( .12
MADISON, WIS.
P (Dm.) o oceemmeeo 736 737| 736] 735 785 736 736| 737 737
W (mm.) ceceemaeeae 3.8 4.0/ 6.3 9.3| 13.8] 25.6/ 28.5| 26.0| 19.9
a1
(€37 39 YN RN AU .74l .72 71| .68 .69 .71
Dust-free air.__.. .80 .78 .75 .74 .75 .77
Dust depletion. . .06| .08 .04 .06/ .06 .06
F6 27 VORI .68 .69 .66 .e3| .s8 .58 .55 .58 .60| .61 .66| .65
Dust-free air..___ L7060 .76 .74) .72 .69 .68 .62 .63 .66 .70| .73| .76
Dust depletion__; .08/ .07, .08 .09 .11] .10/ .07 .05 .06 .08 .07] .11

LINCOLN, NEBR.

728 720) 729 730 736 731 W31

P (DMLY eoncoemenean 732t 732| 7ao| v20| 7Tem
W (Dm.) oo 51 &7 77| 118 16.1] 25,2 30.7] 20.5 210 118 8.7 6.0
ag-1: |

(PYD oo L3I N Y R 1 I O

JR-00 IS VY £ B | B (1
L050 .05 .02 .03 .04 .03

Dust-free air..___
Dust depletion__

0.3
[€3°2 ) [N L70p .69 .64

s L6259 LA L5 L 56) .6l .61 .68 .68
Dust-free air_.___ .7 . 74‘ 73] .70) .68 .62 .61 .61 .65 .70 .72 74
Dust depletion_ .| .04 . 05| L09| .08 .09 .04 .04 .05 .04 .09 .04

DAVOS, SWITZERLAND
\

630 629] 628 627 626 624

. 6% s 628 62| 30
W (@m.) oo 5 5.2 &9 81105 13.6) 15.6 155/ 13.1 9.1 6.7 50
yI.)

L840 .82 (81| .s0f .79 .79 .80

!

|
L1 L8l 79 LTS LTS .78 L TY)
L03] .01 .02 .02} .04 .01 .01

.67 .69 .66 .64] .65 .68 .68 .68 .68 .70
LT6| T4 721 .70 .69 690 LTI .73( .75 .7
L0090 .05 .06 .06l .04 .01 .03] .05 .07 .06

Dust depletion. -

Depletion by atmospheric dust.—The difference between
the values of ao_;, or a,_, as given by pyrheliometric read-
ings and the corresponding values as computed for dust-
free air by means of Figure 1 represents the depletion of
solar radiation by atmospheric dust. It will be noted in
Table 9 that the depletion by dust diminishes with an
increase of altitude. Measurements made at the Astro-
ph{'sical Observatory of the Smithsonian Institution at
Calama, Chile, altitude 2,250 meters, indicates that with
the sun in the zenith in the driest part of the year the
depletion of solar radiation by atmospheric dust amounts
to only about 3 per cent of the solar constant, and that
during the remainder of the year it is inappreciable.
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In connection with the construction of Figure 1 it was
necessary to determine the intensity of solar radiation in
different parts of the spectrum both for dry air and for
air containing different amounts of water vapor. The
determinations were made for sea-level conditions,
B=760 mm., and also for the height of Calama, Chile,

B=582 mm., m’= 582 =0.766.

760
intensities, it is a simple matter to compute the relative
energy in the solar spectrum between different wave-
length limits. For dust-free air at an altitude of 2,250
meters the results are given in Table 10, and for dust-
free air at sea level, in Table 11 (A). In both tables the
second column also, gives the distribution of energy
outside the atmosphere.

Having determined these

TaBLE 10.—-Percentage of total energy in different parts of solar
spectrum oulside the atmosphere (m=0) and with a dusi-free
atmosphere at the altitude of Calama, Chile (m'=4344=0.766);
also depletion by atmospheric dust (depletion in tolal spectrum=
10 per cent of solar constant)

Energy distribution Depletlon by dust

Air mass (In’) . ...o___oo.. 0 0.766 | 0.766 | 0.766 | 0.766 | 0.766 0.766
‘Water-vapor content of at-
mosphere (cm.) ... 0 0 .42 1.28 (1] .42 1.28

Place in spectrum
Per cent| Per cent| Per cent) Per cent) Per cent) Per cent|Per cent
18 L7 29.1 31.9

Below 0.346_ . ______.__._. 3.1 . 15 3 30.4
0.346-0.405p.__ 50 3.3 4.0 4.1 23.6 24.8 26. 0
0.405-0.7044..... 40.1 39.5 42.3 43.6 14.9 15.6 16.4
Above 0.704p oo oemael 5L.8 54.9 52.0 50.8 7.0 7.1 7.1
0171 W, 100.0 | 100.0 | 100.0 | 100.0 |aceeoooojoromcaofocaan

Percentage of solar constant_[ 100.0 93.5 86.0 812 10.0 10.0 10.0

TasBLE 11

(A) PERCENTAGE OF TOTAL ENERGY IN DIFFERENT PARTS OF
SOLAR SPECTRUM AFTER DEPLETION BY DUST-FREE AIR

|
Sohg zenith distance 0° 60° ‘ 75.7°
. !
Alrmass.aeococecneocaaa | 0 1 2 | 4
[
| \
Water-vapor content of at- ‘ i i
mosphere (cm.)_....__..__ ----1 0.0, 1.0| 2.0( 3.0 0.0 1.0/ 2.0 3.0, 0.0 1.0 2.03 3.0

Place in spectrum

%_| %o

2
bt
R
2

¥ ! Y /¢ % | % | %! %

Below 0.346p. ... _.._._.____ .3 .0/ 0.7) 0.¢| 0.5 0.3] 0.1 0.2 0.1/0.060.02

0.346-0.405u. . , 51 .70 3.60 2.4| 2.7 2.5 2.3] 1.1} 1.2/1.071L. 00

0.405-0.704p. ._ . 3| . 244, 9|37, 8|42, 3143. 4|44, 2 34. 0[39, 7140. 440, 9

Above 0.704u. . ooeoeoo o . . .9,51. 7|51. 1(50. 859. 4(54. 5/53. BI53. 4 64. 7|59. 0,58. 5,58. 1
i

Total spectrum._..__.__ 100] 100! 100] 100 100 100/ 100| 100] 100 100 100| 100| 100

Percentage of solar constant.| 100(080. 4‘80. 3(76. 3|73. 1{84. 2/69. 2|65. 9|61. 1L75. 8|58, 8(51. 7l45. 8

(B) DEPLETION OF ENERGY BY ATMOSPHERIC DUST (TOTAL
DEPLETION=10 PER CENT OF SOLAR CONSTANT)

Below 0.346u 41, 5/48. 7156. 4/63. 5
0.346-0.405p .. ... o246 127. . (126, . . . 9(33. 2(39. 1(45. 250, 2
0.405-0.704p .. . _____ --[15. 5 . 5 3 . . . 6/20. 4(25. 0/27. 5(30. 5
Above 0.701, 6. f . 3 5 3 . .2 8.7i11.2/13. 2(15. 2

(C) TOTAL DEPLETION=10 PER CEI;I{T OF INTENSITY OF DUST-FREE

| i ‘
Below 0.3468 v - oo eeeem . 2/26.1/27. 3!29. 2/27. 5/26. 5'31. 529, 6/29. 2/29. 1
0.346-0.405u . ___ 21, 2(22. 3122. 7,22. 2(21. 325. 2 23. 0{23. 4(23. 0
0.405-0.704p -__ 13. 4|15, 2[14. 0[13. 8[13. 2[15. 5i14. 7{14. 214. 0
ADOVE 0704 e eeoeeeman 6.0 5.9 6.2 6.3| 6.8 e.e| 6.6 6.8 7.0
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Angstrém ! has recently shown that the depletion of
solar radiation by atmospheric dust may be expressed

by the equation 'y=%- He has also found that under

normal conditions the value of a departs but little from
1.28, although following the eruption of Katmai Volcano
in 1912 its value was reduced about one-half. I have
applied this equation to the intensities of solar radiation
at different wave lengths after depletion by dust-free
air, including the absorption by ozone, water vapor and
other gases of the atmosphere. Table 10 and Table
11 (B) give the resulting percentages of depletion by
atmospheric dust, computed for a depletion in the total
spectrum amounting to 10 per cent of the solar constant.
For any other percentage of depletion, as z, the percent-

age given in the tables must be multiplied by f—o At

Davos, in April, August and September, m” = %g =0.811,
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atmospheric dust of 9 per cent, the percentage depletions
obtained from table 11 (B) for the different spectral
regions are, respectively, 38.2, 31.0, 18.1, and 9.3.

The corresponding intensities in these spectral bands
;nﬁy be obtained from Tables 11 (A) and 11 (B) as
ollows:

Intensity below 0.346x =0.002 (1.94X0.637)(1—0.382) =0.0015.
Intensity between 0.346u and 0.406x =0.24(1.94X0.637)

(1—-0.310) =0.0205.
0.405x and 0.704,=0.438(1.94X0.637)

Intensity between
(1—0.181)=0.4433.
Intensity above 0.704p =0.536(1.94<X0.637) (1—0.093) =0.6008.
Intensity in total solar spectrum with earth at mean solar
distance=1.0663. 106
.0663

Intensity reduced to mean solar distance for Septemberz———R2
=1.055 gram calories per minute per square centimeter, or prac-
tically the same as in Table 7.

It must be understood that the above computation of
intensities in different parts of the spectrum are for aver-
age conditions only, and take no account of the effect of

Air Mass. m. (Pressure-760 cm)
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FIGURE 1.—Atmospheric transmission by dust-free air

the depletion by atmospheric dust amounts to only 1
per cent, and interpolation between Table 10 and
Table 11 (B) indicates that the depletion in the different
spectral regions, beginning with the shortest wave
length, would be about 3.1, 2.5, 1.6, and 0.7 per cent,
respectively.

On the other hand, at Washington in September, with
the sun 60° from the zenith (m=2), an atmospheric
water-vapor content of 2.45 em., and a depletion by

1 Xngstriim, Anders. On the atmospheric transmission of solar radiation and on
dust in the air. Geografiska Annaler, 1929, H. 2.

variations in the ozone content of the atmosphere with
both time and place, or of possible variations in the dis-
tribution of energy in the spectrum of solar radiation
before it enters the earth’s atmosphere. Therefore they
can not take the place of careful measurements, and
only serve to indicate approximately how much energy
is to be expected in different spectral regions under
different atmospheric conditions. The variations in the
ozone content of the atmosphere must exert a marked
effect upon the amount of solar energy of wave lengths
below 0.346u that reaches the surface of the earth.



